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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-052702,
filed on Mar. 14, 2014; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND

A semiconductor device in which a p-type semiconductor
region and an n-type semiconductor region are shared by an
insulated gate bipolar transistor (IGBT) and a free wheeling
diode (FWD). The p-type semiconductor region is a p-type
base region for the IGBT and a p-type anode region for the
FWD. The n-type semiconductor region is an n-type base
region for the IGBT and FWD.

However, when the impurity concentration of the p-type
semiconductor region is set to be the same as the impurity
concentration of the p-type base region of the IGBT, the
recovery time of'the FWD may lengthen due to what is for the
FWD an excessive injection of holes from the anode side.
Further, when the n-type cathode region of the FWD is dis-
posed, if injection of positive holes from the p-type collector
region is reduced in the IGBT, negative resistance is more
likely to occur. This causes problems such as on voltage
becoming higher or balance between chips, when a plurality
of chips is arranged in parallel, becoming lost and being
destroyed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic cross-sectional view showing a
semiconductor device according to a first embodiment, and
FIG. 1B is a schematic plan view showing the semiconductor
device of the first embodiment;

FIG. 2 is a schematic cross-sectional view showing an
example of operations of the semiconductor device according
to reference example;

FIG. 3A and FIG. 3B are schematic cross-sectional views
showing an example of operations of the semiconductor
device according to the first embodiment;

FIG. 4 is a schematic cross-sectional view showing an
example of operations of the semiconductor device according
to the first embodiment;

FIG. 5 is a schematic cross-sectional view showing a semi-
conductor device according to a second embodiment;

FIG. 6 is a schematic cross-sectional view showing a semi-
conductor device according to a third embodiment;

FIG. 7A is a schematic cross-sectional view showing a
semiconductor device according to a first example of a fourth
embodiment, and FIG. 7B is a schematic cross-sectional view
showing a semiconductor device according to a second
example of the fourth embodiment; and

FIG. 8A to FIG. 8C are schematic plan views showing a
semiconductor device of the fourth embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor device
includes a first electrode, a second electrode, a first semicon-
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ductor region, a second semiconductor region, a third semi-
conductor region, a fourth semiconductor region, a fifth semi-
conductor region, a sixth semiconductor region, a seventh
semiconductor region, and a third electrode. The first semi-
conductor region is of a first conductivity type, and is pro-
vided between the first electrode and the second electrode.
The second semiconductor region is of a second conductivity
type, and is provided between the first electrode and the first
semiconductor region. The third semiconductor region is of
the second conductivity type and the fourth semiconductor
region is of the first conductivity type. The third semiconduc-
tor region and the fourth semiconductor region are provided
between the first electrode and the second semiconductor
region, and are aligned along a second direction intersecting
with a first direction from the first electrode toward the second
electrode. The fifth semiconductor region is of the second
conductivity type, is positioned between the third semicon-
ductor region and the second electrode, and is provided
between the first semiconductor region and the second elec-
trode. The sixth semiconductor region is of the second con-
ductivity type, is positioned between the fourth semiconduc-
tor region and the second electrode, and is provided between
the first semiconductor region and the second electrode. The
seventh semiconductor region is of the first conductivity type,
and is provided between the fifth semiconductor region and
the second electrode. The third electrode is provided on the
seventh semiconductor region, the fifth semiconductor
region, and the first semiconductor region via a first insulating
film.

Various embodiments will be described hereinafter with
reference to the accompanying drawings. In the following
description, the same reference numeral is applied to the same
member, and for members that have been described once, the
description is omitted as appropriate. Further, in the embodi-
ment, provided that there are no special requirements, ele-
ments doped with n-type impurities are represented, in order
of decreasing concentration, as n*-type, n-type, and n™-type.
Similarly, elements doped with p-type impurities are repre-
sented, in order of decreasing concentration as p*-type and

p-type.

First Embodiment

FIG. 1A is a schematic cross-sectional view showing a
semiconductor device according to a first embodiment. FIG.
1B is a schematic plan view showing the semiconductor
device of the first embodiment.

FIG. 1A shows a cross-section taken through A-A' line in
FIG. 1A.

A semiconductor device 1 includes an insulated gate bipo-
lartransistor (IGBT) region 100 in which an IGBT is disposed
and a free wheeling diode (FWD) region 101 in whicha FWD
is disposed. The semiconductor device 1 includes an IGBT
and a FWD with a vertical electrode structure.

The semiconductor device 1 includes an electrode 10 (first
electrode) and an electrode 11 (second electrode). In the
IGBT region 100, the electrode 10 is a collector electrode and
the electrode 11 is an emitter electrode. In the FWD region
101, the electrode 10 is a cathode electrode and the electrode
11 is an anode electrode.

An n™-type base region 20 is provided between the first
electrode 10 and the second electrode 11. An n-type buffer
region 21 is provided between the electrode 10 and the base
region 20. The impurity concentration of the buffer region 21
is higher than the impurity concentration of the base region
20. The combination of the base region 20 and the buffer
region 21 is described as a first semiconductor region. A
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p-type shield region 22 (second semiconductor region) is
provided between the electrode 10 and the buffer region 21.

A p*-type collector region 23 (third semiconductor region)
and an n*-type cathode region 24 (fourth semiconductor
region) are provided between the electrode 10 and the shield
region 22. The p*-type collector region 23 and the n*-type
cathode region 24 are aligned along a Y direction (second
direction) that intersects with a Z direction (first direction)
from the electrode 10 toward the electrode 11. In other words,
the p*-type collector region 23 is disposed in the IGBT region
100 and the n*-type cathode region 24 is disposed in the FWD
region 101. An impurity concentration of the collector region
23 is higher than an impurity concentration of the shield
region 22. An impurity concentration of the cathode region 24
is higher than an impurity concentration of the buffer region
21.

A p-type base region 30 (fifth semiconductor region) is
provided between the base region 20 and the second electrode
11. The base region 30 is positioned between the collector
region 23 and the base region 30. In other words, the base
region 30 is provided in the IGBT region 100.

A p-type anode region 31 (sixth semiconductor region) is
provided between the base region 20 and the electrode 11.
The anode region 31 is positioned between the cathode region
24 and the electrode 11. In other words, the anode region 31
is provided in the FWD region 101. The anode region 31 has
a Schottky contact or a low-resistance contact with the elec-
trode 11.

An n*-type emitter region 40 (seventh semiconductor
region) is provided between the base region 30 and the elec-
trode 11. An impurity concentration of the emitter region 40
is higher than an impurity concentration of the base region 20.

A gate electrode 50 (third electrode) contacts the emitter
region 40, the base region 30, and the base region 20 via a gate
insulating film 51 (first insulating film). In other words, the
gate electrode 50 is provided in the IGBT region 100. A
plurality of the gate electrodes 50 is provided in the IGBT
region 100 and aligned in the Y direction. The gate electrode
50 is a so-called trench gate.

A plurality of electrodes 52 (fourth electrodes) contacts the
anode region 31 and the base region 20 via an insulating film
53 (second insulating film). The plurality of electrodes 52 is
aligned in the Y direction. Note that, while not shown in the
drawings, the electrodes 52 may be electrically connected to
the electrode 11.

The base region 30 and the anode region 31 can be formed
simultaneously using a wafer process. The impurity concen-
tration of the base region 30 and the impurity concentration of
the anode region 31 may be the same or differ.

Further, if a set of the gate electrode 50 and gate insulating
film 51 or a set of the electrode 52 and insulating film 53 is
formed as a trench region, the trench region formed by the
gate electrode 50 and the gate insulating film 51 and the
trench region formed by the electrode 52 and the insulating
film 53 can be formed simultaneously using a wafer process.
The IGBT region 100 and the FWD region 101 are separated,
with the trench region as a boundary therebetween. Specifi-
cally, the semiconductor device 1 is a reverse conduction-type
IGBT.

The main component of each of the semiconductor regions
provided between the electrode 10 and the electrode 11 is, for
example, silicon (Si). The main component of each of the
semiconductor regions may also be silicon carbide (SiC),
gallium nitride (GaN) or the like. For the n*-type, n-type and
n™-type conductivity type (first conductivity type) impurity
element, phosphorus (P), arsenic (As) or the like may be used.
For the p*-type and p-type conductivity type (second conduc-
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tivity type) impurity elements, boron (B) or the like may, for
instance, be used. In the semiconductor device 1, similar
effects can be obtained by reversing the p-type and n-type
conductivity types.

The material of the electrode 10 and the material of the
electrode 11 are metal containing at least one selected from
the group consisting of aluminum (Al), titanium (T1), nickel
(N1), tungsten (W), gold (Au), or the like. The material of the
gate electrode 50 and the electrode 52 may, for instance,
include polysilicon. Further, the material of the insulating
film may include, for instance, silicon oxide.

Before describing the operation of the semiconductor
device, the operation of a semiconductor device of a reference
example will be described.

FIG. 2 is a schematic cross-sectional view showing an
example of operations of the semiconductor device according
to reference example.

Here, a semiconductor device 500 is not provided with the
above-described p-type shield region 22. Further, the gate
electrode 50 and the emitter region 40 are provided over an
entire area of the cathode region 24. Thus, the semiconductor
device 500 is a reverse conduction-type IGBT.

Inthe semiconductor device 500, when a higher potential is
applied to the electrode 10 (collector electrode) than the elec-
trode 11 (emitter electrode) and a potential not less than the
threshold value is applied to the gate electrode 50, a channel
is formed in the base region 30 along the gate insulating film
51, and a current flows between the emitter and collector.

Here, electrons (e) injected from the n*-type emitter region
40 toward the p*-type collector region 23 flow to the n*-type
cathode region 24 which has the lowest potential on the
electrode 10 side. At this time, a majority of the electrons (e)
move sideways on the p*-type collector region 23 and flow to
the cathode region 24.

As a result of the sideways movement of the electrons (e),
a voltage is dropped over the collector region 23, so that the
p*-type collector region 23 is positively biased and the buffer
region 21 is negatively biased. Consequently, holes (h) are
injected from the p*-type collector region 23 toward the emit-
ter side.

In other words, in the ON state, electrons (e) are injected
from the emitter side and holes (h) are injected from the
collector side, and a large current flows between the emitter
and collector.

However, to cause the injection of holes (h) from the col-
lector region 23 by using the voltage drop resulting from the
electron current, the width of the collector region 23 in the Y
direction must be not less than 500 um. Accordingly, in the
reference example, the IGBT and FWD have to be integrated
with a wide spacing. The wider the width of the collector
region 23, the more difficult it becomes to disperse within the
semiconductor device 500 the heat generated by the IGBT
when the semiconductor device 500 is in the ON state. On the
other hand, if the width of the collector region 23 in the Y
direction is not greater than 500 pm, the injection of positive
holes from the collector region 23 is reduced, making it more
likely that negative resistance will occur.

The following describes an example of the operations of
the semiconductor device according to the first embodiment.

FIG. 3A and FIG. 3B are schematic cross-sectional views
showing an example of operations of the semiconductor
device according to the first embodiment.

In FIG. 3A and FIG. 3B, an example of the semiconductor
device 1 is shown in which the IGBT is operating.

In the semiconductor device 1, when a higher potential is
applied to the electrode 10 (collector electrode) than the elec-
trode 11 (emitter electrode) and a potential of at least the
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threshold value is applied to the gate electrode 50, a channel
is formed in the base region 30 along the gate insulating film
51 and a current flows between the emitter and collector.

In this case, the p-type shield region 22 is provided on the

collector region 23 and on the cathode region 24. Accord-
ingly, the electrons (e) injected from the n*-type emitter
region 40 toward the p*-type collector region 23 flow into the
p-type shield region 22.
In other words, before flowing into the n*-type cathode region
24, which has the lowest potential for the electrons (e) on the
electrode 10 side, the electrons (e) flow into the p-type shield
region 22. Thus, the flow of the electrons (e) to the cathode
region 24 is shielded by the shield region 22 on the cathode
region 24. As a result of the injection of the electrons (e) to the
p-type shield region 22, holes (h) are also injected from the
p-type shield region 22 toward the emitter side This state is
shown in FIG. 3A.

Next, the majority of the electrons (e) move sideways on
the p*-type collector region 23 and flow to the n*-type cath-
ode region 24 which has the lowest potential to the electrons
(e) on the electrode 10 side.

As aresult of the sideways movement of the electrons (e),
a voltage is dropped over the collector region 23, so that the
p*-type collector region 23 is positively biased and the shield
region 22 is negatively biased.

Consequently, holes (h) are also injected from the p*-type
collector region 23 toward the emitter side. At this time, the
electrons (e) are injected from the shield region 22 to the
collector region 23. This state is shown in FIG. 3B.

Thus, with the semiconductor device 1, holes are injected
from the shield region 22 when the electrons (e) are injected
into the shield region 22, and holes are also injected from the
collector region 23 when the electrons (e) are injected into the
collector region 23, irrespective of the width of the collector
region 23 in the Y direction. Thus, in the semiconductor
device 1, holes (h) are injected from the collector side to the
emitter side with a low current. As a result, a negative resis-
tance is less likely to be generated in the forward direction of
the IGBT.

FIG. 4 is a schematic cross-sectional view showing an
example of operations of the semiconductor device according
to the first embodiment.

In FIG. 4, an example of the semiconductor device 1 is
shown in which the FWD is operating.

As described above, the p-type shield region 22 is provided
on the collector region 23 and on the cathode region 24.
Accordingly, the holes (h) injected from the anode region 31
to the base region 20 flow to the shield region 22.

Thereafter, the majority of the holes (h) move sideways on
the n*-type cathode region 24 and flow to the p*-type collec-
tor region 23 which has the lowest potential to the holes (h) on
the electrode 10 side.

As a result of the sideways movement of the holes (h), a
voltage is dropped over the cathode region 24, so that the
n*-type cathode region 24 is negatively biased and the shield
region 22 is positively biased. Here, if the impurity concen-
tration of the shield region 22 is set to be sufficiently lower
than that of the collector region 23, and further to be substan-
tially impurity concentration of the buffer region 21, which is
to say, a maximum impurity concentration of not higher than
1x10'% cm™3, the voltage drop becomes larger and the shield
region 22 is positively biased more easily. A great advantage
of this arrangement is that the impurity concentration of the
shield region 22 differs from the impurity concentration of the
buffer region 21, and so design can performed without con-
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6

cern for the withstand voltage or the like. Consequently, elec-
trons (e) are injected from the n*-type cathode region 24
toward the emitter side.

Thus, in the semiconductor device 1, electrons (e) are
injected from the cathode side to the anode side at a low
current. As a result, negative resistance is less likely to be
generated in the forward direction of the FWD.

As a comparative example, there is a method in which the
base region 30 of the IGBT and the anode region 31 of the
FWD are formed from the same p-type region. However, with
such a method, if the impurity concentration of the shared
p-type region is set to the impurity concentration of the base
region 30 of the IGBT, hole injection from the anode side will
be excessive for the FWD. Specifically, the recovery time for
the FWD will be too long.

Moreover, if the n*-type cathode region that forms a por-
tion of the FWD is present under the shared p-type region, the
area of the p*-type collector region is reduced. Here, area is
the contact area between the p*-type collector region and the
collector electrode. Consequently, the injection of holes from
the p*-type collector region is reduced and negative resistance
in the IGBT is more likely to occur.

In particular, if the IGBT is used as a switching element,
there is a risk that unpredictable noise will be generated as a
result of the negative resistance. Also, if there is variation in
the negative resistance, current will concentrate in elements
in which the rise in current is fast, and these elements may be
selectively damaged as a result. Theresultis a reduction in the
reliability of the semiconductor device.

By contrast, in the semiconductor device 1, the IGBT
region 100 and the FWD region 101 are separated. Hence, the
impurity concentration of the base region 30 and the impurity
concentration of the anode region 31 can be adjusted sepa-
rately. Hence, the impurity concentration of the anode region
31 can be adjusted so that the recovery time for the FWD is
short. Further, for the IGBT, holes (h) are injected from the
collector side at low current and so negative resistance is less
likely to be generated.

Moreover, since the semiconductor device 1 has the trench
region, avalanching occurs at the lower end of the trench
region in the IGBT and FWD, and avalanche resistance
increases.

Second Embodiment

FIG. 5 is a schematic cross-sectional view showing a semi-
conductor device according to a second embodiment.

Besides configuration of the semiconductor device 1, a
semiconductor device 2 includes an n*-type semiconductor
region 25 (eighth semiconductor region) and a p*-type semi-
conductor region 26 (ninth semiconductor region) on the
electrode 10 side.

For example, the collector region 23 is divided into a plu-
rality of regions 23a (first regions) in the Y direction. The
semiconductor region 25 is sandwiched between adjacent
regions 23a in the Y direction. Also, the cathode region 24 is
divided into a plurality of regions 244 (second regions) in the
Y direction. The semiconductor region 26 is sandwiched
between adjacent regions 24q in the Y direction.

With such a configuration, the contact area between the
collector region 23 and the electrode 10 in the IGBT can be
adjusted, thus allowing optimal adjustment of the level of
hole injection from the collector side. As a result, the switch-
ing speed of the IGBT can be increased. Moreover, in the
FWD, the contact area between the cathode region 24 and the
electrode 10 can be adjusted, thus allowing optimal adjust-
ment of the level of electron injection from the cathode side.
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As aresult, the recovery speed of the FWD can be increased.
The width of the regions 24a in the Y direction may be wider
than that of the semiconductor region 25. Alternatively, the
contact area between the regions 24a and the electrode 10
may be larger than the contact area between the semiconduc-
tor region 25 and the electrode 10. With such a configuration,
speed-up of both the IGBT and FWD can be achieved. This is
because voltage fluctuations during switching occur if the
electron injection of the FWD is excessively suppressed.

Third Embodiment

FIG. 6 is a schematic cross-sectional view showing a semi-
conductor device according to a third embodiment.

In addition to the configuration of the semiconductor
device 1, a semiconductor device 3 is provided with an n-type
barrier region 27 (eleventh semiconductor region) between
the n™-type base region 20 and the p-type base region 30, and
between the n™-type base region 20 and the p-type anode
region 31.

Asaresult, in the IGBT, carriers (holes) collect more easily
under the barrier region 27 when the IGBT is in the ON state,
and conductivity modulation occurs more easily. Conse-
quently, on-resistance is further reduced.

Meanwhile, in the FWD, the presence of the barrier region
27 suppresses carrier (hole) injection from the anode region
31. As a result, the recovery speed of the FWD is further
increased.

Fourth Embodiment

FIG. 7A is a schematic cross-sectional view showing a
semiconductor device according to a first example of a fourth
embodiment, and FIG. 7B is a schematic cross-sectional view
showing a semiconductor device according to a second
example of the fourth embodiment.

Besides configuration of the semiconductor device 1, a
semiconductor device 4A shown in FIG. 7A includes a
p*-type semiconductor region 32 (tenth semiconductor
region).

The p*-type semiconductor region 32 is provided between
the electrode 11 and the anode region 31. The semiconductor
region 32 contacts the insulating film 53. The impurity con-
centration of the semiconductor region 32 is higher than the
impurity concentration of the anode region 31.

Further, as shown in FIG. 7B, the semiconductor region 32
is sandwiched between the adjacent electrodes 52 via the
insulating film 53 and may be continuous between the adja-
cent electrodes 52, in the Y direction.

FIG. 8A to FIG. 8C are schematic plan views showing a
semiconductor device of the fourth embodiment.

When the semiconductor device 4A is seen in plan view,
the semiconductor region 32 is aligned in the X direction
intersecting with the Z direction and theY direction, as shown
in FIG. 8A. Further, the semiconductor regions 32 aligned in
the X direction do all not have to be disposed to be in phase,
and may be staggered as shown in FIG. 8B. The semiconduc-
tor region 32 is aligned in the X direction when the semicon-
ductor device 4B is seen in plan view, as shown in FIG. 8C.
Thus, the semiconductor region 32 is divided into a plurality
of regions in the X direction.

With such a configuration, a ratio of the contact area
between the semiconductor region 32 and the electrode 10
and the contact area between the anode region 31 and the
electrode 10 can be adjusted in the FWD, thus allowing opti-
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mal adjustment of the level of hole injection from the anode
side. As aresult, the recovery speed of the FWD can be further
increased.

Although the embodiments are described above with ref-
erence to the specific examples, the embodiments are not
limited to these specific examples. That is, design modifica-
tion appropriately made by a person skilled in the art in regard
to the embodiments is within the scope of the embodiments to
the extent that the features of the embodiments are included.
Components and the disposition, the material, the condition,
the shape, and the size or the like included in the specific
examples are not limited to illustrations and can be changed
appropriately.

The components included in the embodiments described
above can be combined to the extent of technical feasibility
and the combinations are included in the scope of the embodi-
ments to the extent that the feature of the embodiments is
included. Various other variations and modifications can be
conceived by those skilled in the art within the spirit of the
invention, and it is understood that such variations and modi-
fications are also encompassed within the scope of the inven-
tion.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.

What is claimed is:

1. A semiconductor device comprising:

a first electrode;

a second electrode;

a first semiconductor region of a first conductivity type

between the first electrode and the second electrode;

a second semiconductor region of a second conductivity
type between the first electrode and the first semicon-
ductor region;

a third semiconductor region of the second conductivity
type between the first electrode and the second semicon-
ductor region and a fourth semiconductor region of the
first conductivity type between the first electrode and the
second semiconductor region, the third semiconductor
region and the fourth semiconductor region being
aligned in a second direction, the second direction inter-
secting with a first direction from the first electrode
toward the second electrode;

a fifth semiconductor region of the second conductivity
type between the third semiconductor region and the
second electrode, the fifth semiconductor region being
provided between the first semiconductor region and the
second electrode;

a sixth semiconductor region of the second conductivity
type between the fourth semiconductor region and the
second electrode, the sixth semiconductor region being
provided between the first semiconductor region and the
second electrode;

a seventh semiconductor region of the first conductivity
type between the fifth semiconductor region and the
second electrode; and

a third electrode provided on the seventh semiconductor
region, the fifth semiconductor region, and the first semi-
conductor region via a first insulating film.
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2. The semiconductor device according to claim 1, further
comprising an eighth semiconductor region of the first con-
ductivity type,

the third semiconductor region being divided into a plural-

ity of first regions in the second direction, and

the eighth semiconductor region being sandwiched

between the adjacent first regions in the second direc-
tion.

3. The semiconductor device according to claim 1, further
comprising a ninth semiconductor region of the second con-
ductivity type,

the fourth semiconductor region being divided into a plu-

rality of second regions in the second direction, and
the ninth semiconductor region being sandwiched between
the adjacent second regions in the second direction.

4. The semiconductor device according to claim 1, further
comprising a plurality of fourth electrodes provided on the
sixth semiconductor region and the first semiconductor
region via a second insulating film,

the fourth electrodes being aligned in the second direction.

5. The semiconductor device according to claim 1, further
comprising a tenth semiconductor region of the second con-
ductivity type between the second electrode and the sixth
semiconductor region, the tenth semiconductor region con-
tacting the second insulating film, and the tenth semiconduc-
tor region having a higher impurity concentration than the
sixth semiconductor region.

6. The semiconductor device according to claim 1, further
comprising an eleventh semiconductor region of the first con-
ductivity type between the first semiconductor region and the
fifth semiconductor region and between the first semiconduc-
tor region and the sixth semiconductor region.

7. The semiconductor device according to claim 2, further
comprising a plurality of fourth electrodes provided on the
sixth semiconductor region and the first semiconductor
region via a second insulating film,

the fourth electrodes being aligned in the second direction.

8. The semiconductor device according to claim 2, further
comprising a ninth semiconductor region of the second con-
ductivity type,

the fourth semiconductor region being divided into a plu-

rality of second regions in the second direction, and
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the ninth semiconductor region being sandwiched between

the adjacent second regions in the second direction.

9. The semiconductor device according to claim 2, further
comprising a tenth semiconductor region of the second con-
ductivity type between the second electrode and the sixth
semiconductor region, the tenth semiconductor region con-
tacting the second insulating film, and the tenth semiconduc-
tor region having a higher impurity concentration than the
sixth semiconductor region.

10. The semiconductor device according to claim 3, further
comprising a plurality of fourth electrodes provided on the
sixth semiconductor region and the first semiconductor
region via a second insulating film,

the fourth electrodes being aligned in the second direction.

11. The semiconductor device according to claim 10,
wherein at least one of the plurality of fourth electrodes is
electrically connected to the second electrode.

12. The semiconductor device according to claim 3, further
comprising a tenth semiconductor region of the second con-
ductivity type between the second electrode and the sixth
semiconductor region, the tenth semiconductor region con-
tacting the second insulating film, and the tenth semiconduc-
tor region having a higher impurity concentration than the
sixth semiconductor region.

13. The semiconductor device according to claim 4, further
comprising a tenth semiconductor region of the second con-
ductivity type between the second electrode and the sixth
semiconductor region, the tenth semiconductor region con-
tacting the second insulating film, and the tenth semiconduc-
tor region having a higher impurity concentration than the
sixth semiconductor region.

14. The semiconductor device according to claim 13,
wherein the tenth semiconductor region is divided into a
plurality of third regions in a third direction intersecting with
the first direction and the second direction.

15. The semiconductor device according to claim 5,
wherein, in the second direction, the tenth semiconductor
region is sandwiched between adjacent fourth electrodes via
the second insulating film, and

the tenth semiconductor region is divided into a plurality of

third regions in a third direction intersecting with the
first direction and the second direction.

#* #* #* #* #*



